All 10 enrolled Korean patients receiving rurioctocog alfa pegol (9 prophylaxis, 1 on-demand) completed the study [median (range) age, 28.0 (12-50) yr; weight, 64.8 (45-90) kg; 8 patients had ≥1 target joint at screening]. Median (range) ABR was 1.9 (0.0-14.5) for patients on prophylaxis and 62.2 for the patient receiving on-demand treatment. The hemostatic efficacy of rurioctocog alfa pegol was rated "excellent" or "good" and only single infusions were required per bleeding episode. ABRs improved in most patients compared with prestudy values. No dose adjustments were required for prophylaxis, and the dosing frequency was reduced in 8 patients, compared with their previous prophylaxis regimen. No serious AEs were reported; all 9 nonserious AEs (in 3 patients) were mild in severity and unrelated to the study treatment.
Background
The efficacy and safety of extended half-life, full-length, pegylated recombinant factor VIII rurioctocog alfa pegol [BAX 855, ADYNOVATE (USA)/ADYNOVI (Europe); Baxalta US Inc., a Takeda company, Lexington, MA, USA] was investigated in previously treated Korean patients with severe hemophilia A (HA).
Methods
A post hoc data analysis from the international, multicenter, phase 2/3 PROLONG-ATE study of rurioctocog alfa pegol in patients with severe HA (NCT01736475) determined annualized bleeding rates (ABRs) and rates of adverse events (AEs) in Korean patients treated in this study.
INTRODUCTION
Hemophilia A (HA) is a rare, recessive, X-linked, congenital bleeding disorder caused by deficient or defective coagulation factor VIII (FVIII) [1] . This deficiency leads to excessive bleeding following trauma or injury and sponta-neous bleeding episodes, primarily in the joints, muscles, and soft tissues [1, 2] . Although HA affects all racial and ethnic groups [3] , severe HA (＜1% of normal FVIII activity) [4] seems to affect a larger proportion of Korean patients [5] . Data from the Korean Hemophilia Foundation Registry reported that 68% of Korean patients have severe HA [5] , in contrast to a prevalence range of ∼35-55% for severe HA reported in other countries [5] [6] [7] [8] [9] .
Currently, the management of severe HA involves regular and long-term administration of FVIII products (commonly referred to as prophylactic FVIII replacement therapy) to reduce the number of bleeding episodes [2] . Primary prophylaxis is designed to maintain trough FVIII levels ＞1% to prevent frequent joint-related bleeding episodes and the development of chronic arthropathy, a condition that is known to drastically reduce the quality of life of patients with HA [10, 11] .
Prophylactic treatment of HA is often performed with the administration of third-generation recombinant FVIII (rFVIII) products, which, in contrast to plasma-derived concentrates, do not contain any human or animal proteins [12] . Conventional rFVIII products have a standard half-life of ∼10-14 hours [13] [14] [15] [16] , and consequently, patients require frequent infusions every other day or 3 days per week to maintain their trough FVIII levels [17] . Frequent intravenous infusions of FVIII products are a known barrier to treatment adherence; thus, rFVIII molecules with extended half-lives may improve treatment adherence by reducing dosing frequency [12, 18] .
Rurioctocog alfa pegol [BAX 855, ADYNOVATE (USA)/ ADYNOVI (Europe); Baxalta US Inc., a Takeda company, Lexington, MA, USA] is a third-generation rFVIII with a modified polyethylene glycol component that increases the half-life rFVIII by 1.4-1.5-fold versus standard half-life rFVIII [19, 20] . The international, multicenter, open-label phase 2/3 PROLONG-ATE study (NCT01736475) showed that prophylactic rurioctocog alfa pegol treatment was effective in previously treated patients with severe HA, reducing the annualized bleeding rate (ABR) by 90% (relative to the on-demand treatment group), with ∼60% of patients achieving an interval of ≥5 months between joint bleeding episodes [20] . No FVIII inhibitory antibodies or other safety signals were observed during the study [20] .
In this study, a post hoc analysis of the phase 2/3 PROLONG-ATE clinical trial was conducted to assess the efficacy and safety of prophylactic and on-demand treatment with rurioctocog alfa pegol in Korean patients with severe HA.
MATERIALS AND METHODS

Study design
The international, multicenter, open-label, phase 2/3 PROLONG-ATE study (NCT01736475) was conducted between January 2013 and July 2014 to assess the efficacy and safety of rurioctocog alfa pegol in previously treated patients with severe HA. The study was approved by the independent review board at each participating site and was conducted in compliance with the Declaration of Helsinki and the Good Clinical Practice Guidelines of the International Conference on Harmonisation. All patients signed the written informed consent for inclusion in the study, and independent data monitoring committees monitored patient safety throughout the study [20] . Full methodology for the study has been reported previously [20] .
Consenting patients enrolled in PROLONG-ATE were aged 12-65 years, with FVIII clotting activity of ＜1%, for which they must have received previous treatment with plasma-derived FVIII or rFVIII products for ≥150 exposure days. Eligible patients had no detectable FVIII inhibitory antibodies at screening or a history of FVIII inhibitory antibodies at any time before screening and no inherited or acquired hemostatic defects other than HA [20] . At baseline, the number of target joints (i.e., a single joint with ≥3 spontaneous bleeding episodes in any consecutive 6-month period) was recorded.
Patients were assigned to receive standard doses of treatment on the basis of their prestudy FVIII treatment regimen, receiving either on-demand rurioctocog alfa pegol (10 to 60±5 IU/kg) or prophylactic rurioctocog alfa pegol (45±5 IU/kg, twice weekly). Doses of rurioctocog alfa pegol for the treatment of bleeding episodes were adjusted on the basis of bleeding severity as follows: mild bleeding episode (10 to 20±5 IU/kg), repeat infusions every 12 to 24 hours for at least 1 day, until the bleeding episode is resolved or healing is achieved; moderate bleeding episode (15 to 30±5 IU/kg), repeat infusions every 12 to 24 hours for 3 days or more until the pain and acute disability/incapacity are resolved; and severe bleeding episode (30 to 60±5 IU/kg). In the case of life-threatening bleeding episodes a dose of 80±5 IU/kg may be considered, and infusions should be repeated every 8 to 12 hours until the bleeding episode/threat is resolved. Prophylactic rurioctocog alfa pegol treatment was administered for ≥50 exposure days or for 6 months ±2 weeks, while on-demand treatment was given for 6 months ±2 weeks [20] . Dose adjustment for prophylactic treatment (from 45±5 IU/kg to 60 IU/kg) could be administered to patients meeting ≥1 of the following criteria: ≥2 spontaneous bleeding episodes in the same target joint within any 2-month period during the study, ≥1 spontaneous bleeding episode in a nontarget joint within any 2-month period, and an FVIII trough level of ＜1% together with an assessment of a patient's increased risk of bleeding by the study investigator.
Patients were provided eDiaries, wherein they reported their infusion records, bleeding episodes, response to treatment, adverse events (AEs), concomitant medications, and PROs. Bleeding severity was rated by patients as "mild", "moderate", or "severe" based on provided guidelines. Severity was defined as "mild", little or no pain, little or no change in the range of motion of the affected joint, and mild restriction of mobility and activity; "moderate", mild or moderate pain, some decrease in range of movement of the affected joint, and moderate decrease in mobility and activity; and "severe", significant pain, substantial decrease in the range of motion of the affected joint, incapacity, and life-threatening.
Outcome measures
The primary efficacy outcome measure was ABR, calcu- lated as the number of bleeding episodes divided by the observation period in years. Secondary outcome measures (as described previously) [20] included the weight-adjusted total dose of rurioctocog alfa pegol, the number of rurioctocog alfa pegol infusions to treat bleeding episodes, and the hemostatic efficacy for the treatment of bleeding episodes measured 24 hours post infusion, assessed using the following 4-point rating scale: Excellent: Full relief of pain and cessation of objective signs of bleeding after a single infusion and no additional infusion required for the control of bleeding (except to maintain hemostasis).
Good: Definite pain relief and/or improvement in the signs of bleeding after a single infusion and possibly required ＞1 infusion for complete resolution.
Fair: Probable and/or slight relief of pain and slight improvement in the signs of bleeding after a single infusion and required ＞1 infusion for complete resolution.
None: No improvement or condition worsened. Safety outcome measures included the percentage of patients with serious AEs (SAEs) and nonserious AEs occurring from first exposure to rurioctocog alfa pegol until the end of the study and were coded according to the Medical Dictionary for Regulatory Activities (version 17.0).
Statistical analysis
Safety and efficacy data from this post hoc analysis were reported by treatment regimen using descriptive statistics. The primary endpoint of ABR was evaluated using a general linear model framework, accounting for the fixed effect of study arm, age at baseline as a continuous covariate, and the follow-up time (in years) as an offset. Ratios between study arm means (95% confidence interval) will be estimated within this model.
RESULTS
Patient characteristics
The Korean subgroup of the PROLONG-ATE study comprised 10 patients, where 9 received rurioctocog alfa pegol as prophylaxis and 1 as on-demand treatment, consistent with their previous treatment regimen. The median (range) patient age was 28 (12-50) years (Table 1) . Hemophilic arthropathy was present in 8 of 10 patients. Five of the 10 Korean patients had 1-2 target joints, and the remaining 3 patients had ≥3 target joints ( Table 1 ). The mean (standard deviation [SD]) observation period was 6.38 (0.34) months for patients receiving prophylaxis (N=9) and 5.98 months for the single patient receiving on-demand treatment.
There was a wide range of prestudy ABRs reported among the 9 Korean patients receiving prophylaxis before study entry, ranging from 2 to 36 ( Table 2 ). The prestudy ABR for the single patient receiving on-demand treatment during the study was 36.
Regarding the administration of rurioctocog alfa pegol during the study, the median (range) dose used per prophylactic infusion was 39.3 (37.0-46.2) IU/kg. A median (range) of 2.0 (2.0-2.0) prophylactic infusions were administered per week, with a median (range) interval of 3.5 (3.5-3.6) days between infusions.
Efficacy
The median (range) ABR was 1.9 (0.0-14.5) (mean±SD, 3.4±5.0) for the 9 Korean patients who received prophylaxis with rurioctocog alfa pegol ( Table 2 ). The on-study ABR for the single Korean patient receiving on-demand rurioctocog alfa pegol was 62.2.
Most Korean patients receiving prophylaxis had lower ABRs during the study compared to prestudy ABRs (Table  2 ). Among the 9 Korean patients on prophylaxis, the observed frequency of bleeding was higher in joints than in nonjoints, and traumatic bleeding episodes were more frequent than Table 3 . On-study annualized bleeding rate by bleeding site and cause. Severity of bleeding episodes was defined as "mild," little or no pain, little or no change in the range of motion of the affected joint, and mild restriction of mobility and activity; "moderate," mild or moderate pain, some decrease in range of movement of the affected joint, and moderate decrease in mobility and activity; and "severe," significant pain, substantial decrease in the range of motion of the affected joint, incapacity, and life-threatening. Abbreviation: NA, not applicable. spontaneous bleeding episodes (Table 3) . Moreover, patient 7 (Table 2) , with an on-study ABR of 14.5 (prestudy ABR, 10), had 2 target joints (right ankle and right elbow) episodes at screening and, subsequently, 8 injury-related bleeding episodes to the right ankle and skin (and no spontaneous bleeding episodes). Patient 3 (Table 2) , with an on-study ABR of 8.8 (prestudy ABR, 6), had 3 target joints at screening (left ankle, right ankle, right knee) and, subsequently, 9 spontaneous bleeding episodes to the left ankle (N=3), right ankle (N=1), hip (N=4), and elbow (N=1) with no traumatic bleeding episodes. The single patient receiving on-demand treatment also experienced the highest frequency of joint bleeding (ABR, 54.2) and spontaneous bleeding (ABR, 62.2). This patient had 4 target joints at baseline, and joint bleeding was more frequent than nonjoint bleeding (ABR, 8.0) during the study; no traumatic bleeding episodes were reported for this patient ( Table 3) .
Patients experienced 47 bleeding episodes during the study (44 mild and 3 moderate in severity; Table 4 ). Of these, 31 bleeding episodes were experienced by the patient receiving on-demand treatment (all 31 bleeding episodes were mild in severity), and 16 bleeding episodes were experienced by patients on prophylaxis (most of these, 13/16, were mild, and 3/16 were moderate in severity). No severe bleeding episodes were reported (Table 4 ). All patients receiving either prophylaxis or on-demand rurioctocog alfa pegol regimens required a single infusion to treat a bleeding episode. Hemostatic efficacy was rated as either "excellent" or "good" for all bleeding episodes experienced by patients receiving either prophylaxis or on-demand rurioctocog alfa pegol regimens ( Table 4 ). The median (range) total dose of rurioctocog alfa pegol per bleeding episode was 29.5 (19.7-47.9 ) IU/kg for patients in the prophylaxis group and 38.5 (25.5-38.5) IU/kg for the patient receiving on-demand treatment ( Table 4 ).
Dosing frequency
Among the 9 patients on a prophylactic regimen before the study, 8 experienced a reduction in the frequency of dosing during the study. During the study, the frequency of prophylactic dosing was reduced during the study by ≥30% in 3 patients and by ＜10% in 5 patients compared with prestudy dosing. No dose adjustments were required for prophylactic treatment during the study.
Safety
None of the patients in this post hoc analysis experienced SAEs during the study, and none tested positive for inhibitory antibodies to FVIII. Overall, 9 nonserious AEs were reported in 3 patients. These were abdominal pain, diarrhea, toothache, nasopharyngitis (2 events), rhinitis, cough, nasal edema, and oropharyngeal pain. All nonserious AEs were mild in severity and were considered to be unrelated to the study treatment.
DISCUSSION
This post hoc analysis of data from the phase 2/3 PROLONG-ATE study evaluating the safety and efficacy of rurioctocog alfa pegol in patients with severe HA indicated that prophylactic and on-demand treatment with rurioctocog alfa pegol were effective, with no treatment-related safety signals observed in the subgroup of 10 Korean patients analyzed. Most patients achieved an improvement in ABRs during the study compared with pretreatment ABRs. For all bleeding episodes experienced by patients receiving prophylactic or on-demand regimens, the hemostatic efficacy of rurioctocog alfa pegol was rated as "excellent" or "good," and only single infusions were required per bleeding episode. No SAEs were reported by this patient subgroup during the study, and all 9 nonserious AEs observed were considered to be unrelated to the study treatment. There were also no FVIII inhibitory antibodies detected.
The efficacy and safety results for this patient subgroup were broadly consistent with those reported for the overall study population, where the median (range) on-study ABRs were reported as 1.9 (0.0-59.6) in the 120 patients receiving rurioctocog alfa pegol prophylaxis and 41.5 (12.9-67.9) in the 17 patients receiving on-demand rurioctocog alfa pegol treatment. Additionally, 96.1% of bleeding episodes treated with rurioctocog alfa pegol had hemostatic efficacy ratings of "excellent" or "good" [20] . Furthermore, no patient in the PROLONG-ATE study reported an SAE or AE that was considered to be related to the study treatment [20] .
The reduced frequency of prophylactic dosing relative to prestudy prophylactic regimens noted in most of the Korean patients analyzed was similarly experienced by the majority of patients in the PROLONG-ATE study, where 70.4% reported receiving ≥1 fewer prophylactic infusions per week when receiving rurioctocog alfa pegol during the study (median of 1.96 prophylactic rurioctocog alfa pegol infusions per wk). The majority of bleeding episodes in the PROLONG-ATE study (95.9%) were treated with 1 or 2 rurioctocog alfa pegol infusions [20] .
Notwithstanding the limitations of this post hoc data analysis in a relatively small number of Korean patients from an open-label clinical trial, these data are still of value in evaluating the efficacy and safety profile of rurioctocog alfa pegol for prophylaxis and on-demand treatment of bleeding episodes in this cohort of Korean patients aged 12-50 years with severe HA, in which 8 out of 10 patients had target joints at baseline.
Consistent with the findings reported for the overall PROLONG-ATE study population, most Korean patients experienced a reduction in the frequency of prophylactic dosing and did not require dosing adjustments. Both of these observations support twice-weekly administration of rurioctocog alfa pegol to effectively prevent and treat bleeding episodes in these patients. This could offer potential advantages in terms of patient management and treatment adherence relative to standard half-life rFVIII products, which require a more frequent prophylactic dosing schedule in these patients [17] .
In conclusion, the results of this post hoc analysis of data from Korean patients participating in the international, multicenter, open-label, phase 2/3 PROLONG-ATE study are in agreement with the previously reported efficacy and safety profile of rurioctocog alfa for prophylactic and on-demand treatment of bleeding episodes in patients with severe HA and provide useful insights into its use in the wider population of Korean patients.
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